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FLP-MEDXATED GENE MODIFICATION IN MAMMAUCAM GEIiS^ 
AND COMPOSITIONS AND CEIXS USEFCTD THEREFOR 

This invention relates to recombinant DNA 
technology. In a particular aspect, this invention 
relates to methods for the site-specific recombination of 
DNA in mammalian cells or host mammalisin organisms^ In 
5 another aspect, the present invention relates to novel 
DNA constructs, as well as compositions, cells and host 
organisms containing such constructs, in yet another 
aspect, the present invention relates to methods for the ' 
activation and/or inactivation of expression of 

10 functional genes. In a further aspect, the present 

invention relates to methods for the introduction of DNA 
into specif ic sites in the genome of mammalian cells • In 
a still further aspect^ the present invention relates to 
gene therapy methods* In still another aspect, the 

15 present Invention relates to means for the recovery of 

transfected DNA from a cell or host organism. In a still 
further aspect, the present invention relates to assay 
methods . 

20 

BACKGROUND OF THE INVENTION 

Many recent mmipulations of gene 
expression involve the introduction of transfected genes . 

25 (transgenes) to confer some novel property upon, or to 
alter soma Intrinsic property of, mammalian cells or 
oirganisms. The efficacy of such manipulations is often 
impaired by such problems as the inability to control the 
chromosomal site of transgene integration; or the 

30 inability to control the number of copies of a transgene 
that integrate at the desired chromosomal site; or by 
difficulties in controlling the level, temporal 
characteristics, or tissue distribution of transgene 
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expression; or by the difficulty of modifying the 
structure of transgenes once they are integrated into 
jnamanalian chromosomes, 

Transgenes are often introduced into 
5 mammalian cells or orgeuiisms to determine which 

components of a transgene sace. required for specific 
qualitative or quantitative alterations of the host 
system* Since both, chromosomal position and copy number 
are major determinants of transgene function, the 
10 usefulness of these ancilyses is limited because, current 
tec3mique& for efficiently introducing transgenes into 
mammalian hosts resiilt in the insertion of a veuriatble 
number of transgene copies at remdom chromosomal 
positions* It is, therefore, difficult (if not 
15 impossible) to compare the effects of one transgene to 
those of smother if the two transgenes occupy different 
chromosomal positions and are present in the genome at 
different copy numbers. Considerably more refined 
analyses would be possible if one could routinely 
20 introduce single copies of a Vciriety of transgenes into a 
defined chromosomal position. 

The spatial or temporal chEoracteristics of 
transgene expression is difficult to control in intact 
organisms* The restricted expression of transgenes is 
25 potentially of great interest, as this technique can be 
employed for a variety of therapeutic applications, e.g., 
for the selective interruption of a defective gene, for 
the alteration of es^ression of a gene which is otherwise 
over-e3^ressed or under-eaqoressed, for the selective 
30 introduction of a gene whose product is desirable in the 
liost, for the selective removal or disruption of a gene 
whose expression is no longer desired in the host, and 
the like. 

Tzransgene expression is typiceaiy governed 
35 by a single set of control sequences, including promoters 
and enhancers which are physically linked to the 
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transgenes (i.e,, cis-acting seguencoB) » Considerably 
greater expression control could be achieved if treinsgene 
expression coxxld be placed under the binary control of 
tbese cis-acting sequences, plus an additional set of 
5 sequences that were not physically linked to the 

trzmsgenes (i.e., trans-acting sequences)* A further 
advantage would be realized if the trMsient activity of 
these trans-acting functions resulted in a stzible 
alteration in transgene expression » In this manner, it 

10 would be possible, for example, to Introduce into a host 
a transgene whose expression would have lethal or 
deleterious effects if it was constitutively expressed in 
all cells. This would be accomplished by delaying the 
expression of the tramsgene to a specific time or 

15 developmental stage of interest, or by restricting the 
expression of the transgene to a specific subset of the 
cell population. 

It is currently difficult (if not 
impossible) to precisely modify the structure of 

20 transgenes once they have been Introduced into mammalian 
cells. In many applications of transgene technology, it 
would be desirable to introduce the transgene in one 
form, ?md to then be able to modify the transgene in a 
defined meumer. By this mezuis, trsuisgenes could be 

25 activated or inactivated or the sequences which control 
transgene expression could be altered by either removing 
sequences present in- the original transgene or by 
inserting additional sequences into the transgene. 

Previous descriptions of recombinase- 

30 mediated rearremgement of chromosomal sequences in 
Drosophila and mzunmaliM cells have not directly 
addressed the question of whether site-specific 
recombinases could routinely create a functional 
translational reading frzu&e. Moreover, the reported 

35 effici^cy of the prior art recombinase system, in the 
only other description of site-specific recombination in 
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jnammalxan cells reported to date [based on Cre 
recomblnase, described by Sauer and Henderson in Nucleic 
Acids Research , Vol. 17: 147 (1989)] appears to be quite 
low- 

5 

BRIEF DESCRXPTION OF THE INVENTIOK 

In accordance with the present invention, 
10 we have developed a system for the selective modification 
of chromosomal or extrachromosomsLL DNA in mairancilian 
cells. Selective modification can involve the insertion 
of one DNA into another DNA (e.g., to create a hybrid 
gene, to activate a gene, to inactivate a gene, zind the 
15 like), or the removal of specific DNA molecule (s) from 
other DNA molecule (s) containing the DKA to be removed 
(e.g., to inactivate a gene, to bring desired DNA 
fragments into association with one another, cuid the 
like) . 

20 The recombination system of the present 

invention is based on site-specific recombinase, FUP. In 
one application of the invention recombination system, 
FUP-mediated removal of intervening sequences is required 
for the formation of a functional gene. Expression of 

25 the functional gene therefore, fcills under the control of 
both the regulatory sequences associated with the 
functional gene and also under the control of those 
sequences whicii direct FLP expression. 

The reverse of the above-described 

30 process, i.e., the FLJP-mediated introduction of DNA, 

provides a convenient and selective meems to introduce 
DNA into specific sites in mammalian chromosomes. 

FliP-mediated recombination of mearker genes 
provides a meems to follow the fate of various sequences 

35 over the course of development euid/or from generation^to- 
generation. The recombination event creates a functional 
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marker gene. This gain-of -function system can be used 
for lineage analyses in a wide veiriety of tissues in 
different organisms* Prior to FLP-mediated 
recombination, the marker gene is normally silent, i»e., 
5 the phenotype typical of the marker is not observed. In 
the zibsence of FI»P, spontzmeous recombination to produce 
functional marker occurs only at very low frequencies. 
In the presence of FLP, functional marker is efficiently 
produced. In addition, this gain-of- function system is. 

10 heritable and is easily detected by simple histochemical 
assays. For exeuaple, in transgenic mice, the lineages in 
which recombination is to occur cem be controlled by 
appropriate selection of the promoters used to drive FLP 
expression* This could include promoters that are only 

15 transiently active at a developmental stage that 

substamtially precedes overt cell differentiation, since 
tremscription of the marker gene is controlled by 
regulatory sequences associated therewith, functional 
marker genes can be expressed at later developmental 

20 stages, after cell differentiation has occurred- By this 
meams, it is possible to construct a map for meunmalian 
development that correlates embryonic patterns of gene 
expression with the organization of mature tissues. 

25 

BRIEF DESCRIPTIOM OF THE FIGURES 

Figure 1 presents schematic diagrams of 
FItP-mediatcd recombination events, in Figure lA, FliP- 
30 mediated introduction of DNA is illustrated, while in 

Figure IB, FLP-mediated removal of intervening sequences 
is illustrated. 

Figure 2 is presented in three paarts. 
Figure 2A presents schematic diagrams of the expression 
35 vectors pFRT/5GAI*, pNEO^GAL, and pOG44 FIiP. Figure 2B 
presents a Southern blot of Hirt lysates prepared from 
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293 (hinnan embryonic kidney) cells transfected with one 
microgrcoa of pNEOpGAI* emd vztrying auaounts of the pOG44 
FU? expression vector. Figure 2C graphically presents 
the j9-galactosidase activities in the same transfections 
5 shown in part B, referred to above. 

Figure 3 A, at the top, presents a 
schematic of the pattern of plasmid integration in E25 
deduced from Southeim blot anetlysis. Figure 3A, in the 
middle, presents the predicted pattern for 

10 j3-galactosidase positive sttbclones of F25 if precise 

recombination across the FU?-recombination target sites 
occurs. Figure 3A, at the bottom, presents the predicted 
pattern for jS-galactosidase negative, neomycin resistant 
subclones of E25B2 after FLP mediated insertion of pOG45. 

15 Figure 3B presents an analysis of genomic DNA from a cell 
line with a single integrated copy of pNEO^SGAL (i.e., 
CVII£0)?6AI»/E25, designated as E25) , two derivative 
^-galactosidase-positive subclones (designated as E25B1 
and E25B2) , and two subclones derived from E25B2 after 

20 transfection with pOG45 (designated as B2N1 emd B2N2) , 



DEQ2AIUSD DESCRIFTrOM OF "THE INVENTION 

25 In accordauice with the present invention, 

there is provided a mammalicui recombination system 
comprising: 

(i) FLP recombinase, or a nucleotide sequence 
encoding same, and 
30 (ii) a first DNA comprising a nucleotide 

seqpience containing at least one FIiP 
recombination target site. 
In accordzmce with another embodiment of 
the present invention, there are provided novel DNA 
35 constructs useful for the introduction of DNA into the 
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genome of a transfected organiem, said DNA construct 
comprising, as an autonomous fragment; 

(a) at least one FJUP recombination target 
site, 

5 (b) at least one restriction endonuclease 

recognition site, 

(c) at least one marker gene^ 

(d) a bacterial origin of replication, and 
optionally 

(e) a mammalian cellular or viral origin of 
DNA replication. 

In accordance with yet another embodiment 
of the present invention, there are provided novel DNA 
constructs useful for the rescue of DNA from the genome 
15 of a transfected organism, said DNA construct comprising, 
as an autonomous fragment, in the following order, 
reading from 5» to 3» along said fragment: 

(a) a first FU? recombination target site, 

(b) an insert portion comprising^ in any 
20 suitable sequencer 

(1) at least one restriction endonuclease 
recognition site, 

(2) at least one marker gene, 

(3) a bacterial origin of replication, 
and optionally 

(4) a mammalian cellular or viral origin 
of DNA replication, and 

(c) a second FliP recombination target site in 
tandem with said first FLP recombination 
30 target site. 

In addition, there are provided methods for the recovery 
of transfected DNA from the genome of a transfected 
organism employing the above-described constructs. 

In accordance with still another 
embodiment of the present invention, there is provided a 
method for the assembly of a functional gene (which is 



35 
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then suitable for activation of expression) , in manaaalian 
cells, by recombination of individually inactive gene 
segments derived from one or more gene(s) of interest, 
wherein each of said segments contains at least one 
5 recoanbination taxrget site, said method comprising: 

contacting said individually inactive gene 
segments vith a FliP recombinase, under 
conditions suitable for recombination to occur, 
thereby providing a DNA sequence which encodes 
10 a functional gene of interest. 

In accordance with a further embodiment of 
the present Invention, there is provided a method for the 
disaniption of functional gene(s) of Interest, thereby 
inactivating expression of such gene(s}, in mammalian 
15 cells,, wherein said gene(s) of interest contain at least 
one FLP recombination target site, said method comprising 
contacting said gene(s) of interest with: 

(i) a DNA segment which contains at least one 
- Ftp recombination target site, amd 
20 (ii) FI^ recombinase; 

wherein said contacting is C€irried out under conditions 
suitable for recombination to occur between said gene and 
said DNA segment, thereby disznipting the gene(s) of 
interest and rendering said gene(s) non-f unctional • 
25 In accordance with a still further 

embodiment of the present invention/ there is provided a 
method for the precisely targeted integration of DNA into 
the genome of a host organism ^ said method comprising: 

(I) Introducing a FLP recombination taLcget 
30 site into the genome of cells which are 

compatible with the cells of the subject, 

(II) introducing a first DKA comprising a 
nucleotide sequence containing at least 
one Flip recombination target site therein 

35 into the Fi,p recombination target site in 

the genome of said cells by contacting 
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said cells with said first DNA and FLP 
recoKbinase, and thereafter 
(iii) Introducing the cells produced by the 
process of step (ii) into said subject, 
5 wherein the resulting cells and/or 

orgemlsm have the optional eOaility to 
have DNA reproducibly zmd repetitively 
inseirted into and/or recovered from the 
host cells and/or orgjinisitt. 
10 In accordance with another aspect of the 

present invention, there are provided mammalian cells, 
wherein the genomic DNA of said cells contain at least 
one FLP recombination target site therein* 

In accordance with yet another aspect of 
15 the present .invention, there are. provided transgenic, 

non-huxocin mammals, wherein said mammals contain at least 
one FIiP recombination target site in the genomic DNA 
thereof. 

In accordance with yet another aspect of 
20 the present invention, there is provided a method for the 
site-specific integration of transfected DNA into the 
genome of the above-described cells and/or transgenic, 
non-human laammals, said method comprising: 

(i) contacting said genome with: 
25 (a) FItP recombinase, and 

(b) a first DNA comprising a 

nucleotide sequence containing 
at least one FU? recombination 
target site therein; zmd 
30 thereafter 

(ii) maintaining the product of Step (i) 
tmder conditions suitable for site- 
specific integration of said DNA 
sequence to occur at the FLP 

35 recombination target site in said 

genome* 
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-lo- 
in accordance with a fxrrther aspect of the 
present invention, there is provided a method for the 
analysis of the development of a mammal, said method 
comprising: 

5 (a) providing a transgenic mammal comprising: 

(i) an expression construct encoding FI*P 
under the control of a conditional 
promoter, and 

(ii) a reporter construct under the 

10 control of the same or a different 

promoter, wherein said reporter 
construct encodes a functional or 
non-functional reporter gene product, 
and wherein said construct contains 
15 at least one FU? recombination target 

site therein, 

wherein the ftmctional 
expression of the functional reporter 
gene is disrupted when said FLP 
20 recombination event occurs, or 

wherein the functional 
expression of the non-functional 
reporter gene commences when said FIiP 
recombination event occurs; and 
25 (b) following the development of said mammal to 

deteznmine when expression of fimctioned. reporter gene 
product either commences or is disrupted* 

In accordance with a still fuirther aspect 
of the present invention, there is provided a co- 
30 transfection assay FLP-mediated recombination, said assay 
comprising r 

(a) co-transfecting a host mammalian cell with: 

(i) a FIaP expression plasndd, and 

(ii) a reporter plasmid comprising a 

35 reporter gene inactivated by the presence 
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of at least one recombination target site; 
and 

(b) monitoring said host cell iinder a variety 
of conditions for the gain of expression of functionail 
5 reporter gene product • 

FLP recombinase is a protein which 
catalyzes a site-specific recoiobination reaction that is 
involved in amplifying the copy number of the 2ii plasmid 
of S.cerevisiae during DNA replication • FLP protein has 

10 been cloned and expressed in B^.coli [see, for example. 
Cox, in proceedings of the Kational Academy of Sciences 
U.S.A., Vol. 80: 4223-4227 (1983 )], and has been purified 
to near homogeneity [see, for example, Meyer-Iiean, et 
al., in Nucleic Acids Research, Vol. 15: 6469-6488 

15 (1987)]. FLP recombinases contemplated for use in the 
practice of the present invention are derived from 
species of the genus Saccharomyces • Preferred 
recombinases employed in the practice of the present 
invention are derived from strains of Saccharomyces 

20 cerevisiae. Especially preferred recombinases employed 
in the practice of the present Invention are proteins 
having substantially the szime amino acid sequence as sfet 
forth in Sequence. I. D. No. 2, as encoded, for example, by 
Sequence I.D. No. 1, or the sequence set forth by Hartley 

25 and Donelson, Nature 2M,i 860 (1980) . 

The FLP recoadDination target site 
(sometimes referred to herein as **FRr") has also been 
identified as minimally comprising two 13 base-pair 
repeats, separated by an 8 base-pair spacer, as follows: 



30 



35 



-Spacer- 

5 » -GAAGTTCCTATTC f TCTAGAA A ] GTATAGGAACTTC-3 * 

Xbal 
site 

!Ehe nucleotides in the above "spacer" region can be 
replaced with any other combination of nucleotides, so 



wo 92/15694 



PCr/US92/01899 



long as the two 13 base-pair repeats are sepaorated by 8 
nucleotides ► a!he actual nucleotide sequence of the 
spacer is not critical, although those of sJcill in the 
art recognize that, for some applications, it is 
5 desircible for the spacer to be asyametric, while for 

other applications, a symmetrical spacer can be employed* 
Generally, the spacers of the Flip recombination target 
sites undergoing recombination with one another will be 
the same. 

10 As schematically illustrated in Figure lA, 

contact of genomic DNA containing a FI»P recombination 
target site (shown as the linear Psv-BBTA-GAIi construct) 
with a vector containing a FUP recombination target site, 
in the presence of the protein, FIiP recombinase, results 
15 in -recombination that forms a new genomic sequence 
wherein the vector sequences have been precisely 
incorporated into the genome of the host. The reverse of 
this process is shown schematically in Figure IB, wherein 
a genomic sequence or construct containing two tandemly 
20 oriented FI»P recombination target sites, upon contacting 
with FLP, is recombined and the FTiP recombination target 
site-bounded fragment is excised as a circular molecule. 

Genes of interest contemplated for use in 
the practice of the present invention can be selected 
25 from genes which provide a readily analyzable functional 
feature to the host cell and/or organism, e.g.^ visible 
markers {such as )i-galactosidase, thymidine Jcinase, 
tyrosinase, and the like), selectable markers, (such as 
meirkers useful for positive and negative selection, e.g., 
30 genes for antibiotic resistance) , as well as other 
functions which alter the phenot^e of the recipient 
cells, and the like. 

Olhe first DNA employed in the practice of 
the present invention can comprise any nucleotide 
35 sequence containing at least one FI*P recombination target 
site, which will precisely define the locus at which FLP- 



wo 92/15694 PCTAJS92/0I89? 

-13- 

mediated recombination will occur. The nucleotide 
sequence can comprise all or part of a gene of interest, 
as well as other sequences not necessarily associated 
with any Scnown gene. Optionally^ for ease of later 
5 recovery of the gene of interest (in "activated" or 
modified form) , the first DNA can optionally contain a 
second FLP recombdlnation target site. 

The second DKA employed in the practice of 
the present invention is selected from at least a second 

10 portion of the first gene of interest or at least a 

portion of a second gene of interest (including £in intact 
form of a second gene of interest). When the second DNA 
is at least a second portion of the first gene of 
interest, the site-specific recombdlnation of the present 

15 invention may act to provide a functional combination of 
the different poziiions of the first gene of interest. 
Alternatively, when the second DNA is at least a portion 
of a second gene of interest, the site-specific 
recombination of the present invention may act to provide 

20 a functional hybrid gene, which produces a product which 
is not identical with either the product of the first 
gene or the second gene. As yet another alternative, 
when the second DNA is a portion of a second gene, the 
site-specific recombination of the present invention may 

25 act to disznxpt the fimction of the first gene of 

interest. Based on the nature of the first DNA and the 
second DNAr as well as the mode of interaction between 
the two, the site-specific interaction of the present 
invention may create or disrupt a feature which is 

30 colorimetrically. detectable, immunologically detectable, 
genetically detectable, and the like. 

In accordance with the present invention, 
assembly of a functional expression tmit is achieved in 
any of a variety of ways, e.g., by association of the 

35 gene pf interest with a functional promoter, by assembly 
of common gene fragments to produce a complete functional 
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gen0 (which/ in combination with its promoter, comprises 
a functional expression tmit) , or assembly of diverse 
gene fragments from diverse soiirces to produce a 
functional, hybrid gene (which, in combination with a 
5 promoter, comprises a functional expression unit), and 
the liJce. Upon assembly of a functional expression unit 
as described herein, expression of the functional gene to 
produce a protein product can be activated in the usual 
manner. In the absence of FlP-mediated recombination, 
10 activation of expression, would fail to produce a 
functional protein product* 

In accordance with the present invention, 
dis-assembly of a functional ea^ression imit is achieved 
in any of a variety of ways, e.g., by dis-associating the 
15 gene of interest from a functional promoter, by dis- 
assembly (e.g., disruption) of the functional gene (e.g., 
by introduction of DNA ^ich renders the entire sequence 
non-functioncil) , by removal of a substantial portion of 
the coding region of said gene, zmd the like. Upon dis- 
20 assembly of a fimctional expression unit as described 
herein, expression of the functional gene product under 
the conditions required prior to gene dis-assembly is no 
longer possible. The ability of the expression rmit to 
be activated for expression has therefore been disrupted. 
25 OThe gene in this situation can be said to be inactivated, 
since activation of expression is not possible. 

Individually inactive gene segments 
contemplated for use in the practice of the present 
invention are fragments whic^i, alone, do not encode 
30 functional products. Such fragments can be derived from 
a first gene of interest alone, or from both a first and 
second gene of interest DNA fragments. 

When gene inactivation is desired, the 
gene of interest can be disirupted with a DNA fragment 
35 which .throws the gene of interest out of reading frame 

(e.g., an insert ^wherein the niunber of nucleotides is not 
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a multiple of 3) ♦ Alternatively, the gene of Interest 
can be disrupted with a fragment which encodes a segment 
which is substantially dissimilar with the gene of 
interest so as to render the resulting product non- 
5 functional. As yet another alternative, the gene of 

interest can be disrupted so as to dis-associate the gene 
of interest from the transcriptional control of the 
promoter with which it is normally associated* 

mtie introduction of DNA, e.g., DNA 
10 encoding FLP recombination target sites, into the genome 
of target cells can be accon^lished employing standard 
techniques, e.g., transfection, microinjection, 
electroporation, infection with retroviral vectors, and 
the like. 

15 Introduction of protein, e.g., FLP 

recombinase protein, to host cells zmd/or organisms can 
be accomplished by standard techniques, such as for 
example, injection or microinjection, transfection with 
nucleotide sequences encoding FLP, and the IDce. 

20 When employed, for gene therapy of an 

intact orgemism, introduction of transgenic cells into 
the sxibjoct is accomplished by stzmdard techniques, such 
as for exiunple, grafting, implemtation, and the like. 

Mammalian cells contemplated for use in 

25 the practice of the present invention include all memberis 
of the order Hannnalia, such as, for exeuaple, human cells, 
mouse cells, rat cells, monkey cells, hamster cells, and 
the like. 

Host organisms contemplated for use in the 
30 practice of the present invention include each of the 
organism types mentioned above, with the proviso, 
however, that no claim is made to genetically modified 
humem hosts (although the present invention contemplates/ 
methods for the treatment of humans) . 
35 Once FI*P recombinase (or DNA encoding 

same) and DNA containing at least one FI.P recombination 
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target site have been introduced into suitable host 
cells/organisms, the cells/host orgzuiisms are maintained 
under conditions suitable for the site-specific 
recombination of DNA. Such conditions generally involve 
5 conditions required for the vizibility of the host cell or J 
organism^ For in vitro manipulations, conditions 
eniployed typically involve low concentrations of a 
variety of buffers havdlng a pH of between about 5-9 and 
ionic strengths in the range of cibout 50-350 mM. See, 
10 for example, Senecoff, et al. , in Journal of Molecular 
Biolocry > Vol. 201 ; 405-421 (1988). 

In accordance with a peurticulsir aspect of 
the present invention, a co-trans feet ion assay has been 
developed which can be used to characterize Fl^P-mediated 
15 recombination of extrachromosomal DKA in a variety of 

cell lines. Cells are co-transfected with an expression 
construct and a "reporter" plasmid that is a substrate 
for the recombinase. Ihe expression construct encodes a 
FIiP recombinase protein « TtxB reporter plasmid encodes 
20 either a functional reporter gene containing at least one 
reciambination target site therein, or a non-functional 
reporter gene containing at least one recombination 
target site therein* Upon escpression of FU? by the_ 
expression construct, the functional reporter gene will 
25 be rendered non-functional, or the non-functional 

reporter gene will be rendered functioucil. O^hus, the 
activity of the expression construct can be assayed 
either by recovering the reporter pleusmid and looking for 
evidence of recombination at the DNA level, or by 
30 preparing cytoplsismic extracts and looking for evidence 
of recombination at the protein level (i.e., by 
measuring the expression of reporter ge^e activity 
generated by the recombined reporter) • Such assays are 
described in greater detail in Example 1 below. 
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The invention will now be described in 
greater detail by reference to the following non-limiting 
examples. 

5 EXAMPIiES 

Example l 
Co-transfection Assays 

10 The co-trzmsfection assay used to 

characterize FU?--mediated recouibination of 
extrachromosomal DNA involved transfection of cells with 
an expression construct and a "reporter" plasmid that was 
a substrate for the recombijuise* The activity of the 

15 expression construct could be assayed either by 

recovering the reporter plasmid and looking for molecular 
evidence of recombination at the DNA level, or by 
preparing cytoplasmic extracts and looking for evidence 
of recombination at the protein level (i,e», by measuring 

20 /3-galactosidase activity generated by recombined 
reporter) , 

The pN£0/9GAX» reporter plasmid used for 
these assays was derived from pFKPjSGAI* (Fig- 2A) . In the 
Figure, half -arrows indicate positions of FLP 

25 recombination target (FRT) sites; E and S designate EcoRI 
and Seal restriction sites, respectively; Psv designates 
early promoter, from SV40; BETA-GAI* designates the 
galactosidase structural sequence; KEO designates 
neomycin expression cassette; Pcmv designates the 

30 cytomegalovirus immediate early promoter; IN designates 
an intron; FIiP designates a FUP coding sequence; AN 
designates an SV40 adenylation cassette; thin lines 
represent vector sequences; and the sizes of restriction 
fragments are indicated in kb. 

35 pFRT^GAL contains a version of the 

bacterial j^-galactosidase sequence modified, by insertion 
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of a FU? recombination target site, or FRT, within the 
protein coding sequence immediately 3 ' to the 
translational start* I5ie oligonucleotide used for the 
construction of pFT^RGAL was: 

5 

5 « -GATCCCGGGCTACCAT6GA • GAAGTTCCTATTC • CGAAGTOCCTATTC 
f TCTAGA) AAGTATAGGAACTTCA -3 » . 

This oligonucleotide contains an in-frame start codon, 
10 minimal FRI site, and am additional copy of the 13 -bp FRT 
repeat [^XXX*]? the XbaX site within the FRT spacer is 
enclosed in jpeirentheses • The linJcer was inserted between 
the BamHI and Hindlll sites of pSKSlOS (H*J, Casadciban, 
A. Martin-Arias, S.K, Shapira, zmd J. Chou, MetJuEmymol 
15 100, 293 (1983)) and the I>acZ portion of modified gene 
was cloned into a pSV2 vector • The neomycin cassette 
used for construction of pNEOpGAL was an Xhol to BaariHI 
fragment from pMClneo-polyA (K. Thomas and M. Capecchi, 
Cell §1 1 503 (1987)) cloned between copies of the J3 FRT 
20 site in pUC19. 

The FRT consists of two inverted 13 -base- 
pair (bp) repeats and ah 8-bp spacer that together 
comprise the minimal FRT site, plus an additional 13-bp 
repeat which may augment reactivity of the minimal 

25 substrate* The ^— galactosidase translational reading 
frame was preserved upon insertion of the FRT site, euid 
the resulting plasmid, pFRT)SGAIf, generated robust 
activity in mammcLLian cells (Teible 1) * 

pl9£0^GAIi was constructed by cutting 

30 pFRT^GAI. in the middle of the FRT site with XbaX and then 
inserting an Xbal fragment consisting of two half -FRT 
sites flanking a neomycin transcription imit. This 
created intact FRTs on either side of the neomycin 
cassette and rendered the )3-gaiactosxdase trcoiscription 

35 unit inactive (Table 1) • Precise FUP-mediated 

recombination of the FKTs caxised the excission of the 
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neomycin cassette^ recreated the parental pFRT^SGAI* 
plasmld, and restored )?-galactos±daBe expression. 

Co-transfection of cells with a fixed 
amount of pNEO/5GAI» reporter plasmid and increasing 
5 amounts of the pOG44 FLP expression vector generated 
increasing amounts of recombined reporter plasmid and 
consequently, increased levels of )9-galactosidase 
activity. Molecular evidence for FLP-mediated 
recombination was obtained by recovering plasmids 36 

10 hours after transfection, followed by endonuclease 

treatment (with EcoRX and Seal) and Southern blotting 
(see Fig. 2B; employing as a probe the fragment of 
pFRTySGAIi indicated at the top of Fig. 2A) . Lysates of 
cells from cotreuisf ections that included the pOG44 FIiP 

15 expression vector showed a signal at 5.6 kb, the position 
at which recombined reporter (equivalent to pFRT)9GAI») 
would run, and a 3.2 kb signal that was generated by 
iinrecombined pNEOj?GAL reporter (Fig. 2A) . The 5.6 kb 
band intensity was proportional to the amount of FU? 

20 expression plasmid included in the transfection. The 5.6 
kb band was not seen in cotrans feet ions in which a non- 
FLP plasmid was stibstituted for the FLP expression vector 
(Fig. 2B) or in transfections that contained only pOG44 
(and no reporter plasmid) . pOG44 generated additional 

25 signals at 2,2 kb and 2.8 kb because the plasmid used in 
its construction contained EcoRl and EcoRI-Scal fragments 
of suc^ length. 

pOG44 consists of the cytomegalovirus 
immediate early promoter from pCDKS [see Aruffo and Seed 

30 in Proc. Natl Acad. Sci. , USA Ms 8573 (1987)], a 5« 

leader sequence smd synthetic intron from pMLSIScat [see 
Huang and Gorman in Nucl. Acids Res. is: 937 (1990)], the 
FLP coding sequence (bp 5568-6318 and 1-626 of the 2fm 
circle, [see Hfiurtley and Donelson, Nature 28g; 860 

35 (1980)] and the SV40 late region polyadenylation signal 
from pMLSIScat. The following silent nucleotide 
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substitutions were introduced into the structural KLP 
sequence using the polymerase chain reaction: C for T at 
position 5791, G for A at 5794, G for C at 5800, C for T 
at 55, G for A at 58, and C for T at 103. OThese changes 
5 eliminated three cannohiceLL AATAAA pplyadenylation 

signals and introduced a Pstr restriction site without 
altering the amino acid sequence encoded by the 
nucleotide sequence. p0628 consists of a murine cDNA for 
dihydrof olate reductase cloned into pCDMS (Aruf f o and 
10 Seed, supra ) . 

In the same saniples, ^-galactosidase 
activity was also proportional to the amoinit of FLP 
expression plasmid included (Fig. 2C) . Only background 
activities were observed in cotrzmsf ections that included 
15 a non-FIfP control plasmid (Table 1) or when pOG44 alone 
was transfected. The cacperiment thus provides both 
molecular and biochemical evidence for precise FI*P- 
iaediated recombination in mamoDEtalian cells. 

' Table 1 presents )3--galactosidase 
20 activities in cotransfection assays of 293, CV-1, and F-9 
cells. Positive control transfections (pFRT;9GAI») 
included 1 fig of pFRTffGAt> and 18 jug of the pOG28 non-FI>P 
control plasmid; negative control transfections 
(pHEO^GAL) included 1 fig of pKEO)3GAL and 18 of the 
25 pOG28 ? and experimental transfections (pNEO^GAL + FliP) 
contained 1 fig of pNEO>9GAIi amd 18 fig of the pOG44 FIOP 
expression plasmid (Fig. lA) . The column headed by 
shows the pNKO/?6AXi + FUP values as a percentage of the 
pFEa?;?GAL positive control. Each value represents the 
30 mean for six plates from two experiments. Standard 
errors are in parentheses. Keither pOG28 nor pOG44 
generated j3-galactosidase activity when transfected 
alone. All transfections contained 1 fig of pRSVL [de Wet 
et al., Mol. Cell. Biol. 7: 725 (1987)] to correct p- 
35 galactosidase activities for relative trans fection 
efficiencies. 
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Sxibconfluent cultures of cells in 10 cm 
dishes and grown in Dulbecco's modified Eagle's medium 
(DMEM) and 5% calf serum were transfected by overnight 
exposure to calcium phosphate precipitates [Graham et 
5 al.. Virology M:59 (1979)] and then split 1:4. After 24 
hours incubation, one plate of each transfection was 
harvested by Hirt extraction [J. Mol Biol, 2^:365 (1967)] 
and a second plate was used to prepare cytoplasmic 
extracts [de Wet et al., siffica]- Approximately 5% of the 

10 DNA recovered from single plates was used for Southern 
analyses. /3-galactosidase assays were performed as 
described by Hall et al., in J. Mol. Appl. Genet • 2:101 
(1983)]. Luciferase activities generated by the 
inclusion of 1 fig of pRSVI, (de Wet et al., Sffica) in all 

15 transfections were used to correct jff-galactosidase 

activities for relative transfection efficiencies. The 
experiment was repeated twice with similar results. 

TABIB 1: ;?-GAIACTOSinASE ACTIVITIES (UNITS/ MG PROTEIN) 
20 IN COTRANSFECTED 



25 



35 



40 



CELI, LINE TRANSFECTIONS % 



pFRT)36AIi pmOpGAL pNEO^GAL 

+ FLP 



30 293 30.4(1.9) 0.17 (0.02) 14.2 (2.2) 47 

CV-1 275 (25) 0.33 (0.06) 22.6 (1.2) 8 



F9 



24.8 (4.3) O.04 (0.01) 1.88 (0i02) 8 



FLP activity has also been demonstrated in 
monkey kidney (CV-1) and mouse embryonal carcinoma (F9) 
cells. In Table 1, the jS-galactosidase activity in the 
"pFRT^iSAL" trsmsfections represents an estimate of the 
expression expected if all the pNEO^GAL in a co- 
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transf action were iamaediately recombined. The highest )3- 
galactosidase expression in co-tr£msfections employing 
pNEOpGAIi plus pOG44, relative to pFRfT^SGaii transfeoted 
cells, was 47%, seen in 293 cells. This is a remzirJcable 
5 level considering that )9-galactbsidasa expression 

required both fXP ea^ression, followed by recombination 
of pNEO^GAIi, to produce a construct capable of expressing 
i3--galactosidase. Co-transfections of CT-1 and F9 cells 
generated 8% of the activity seen in the pFRT^GAIr 
10 transfections. Even at this lower relative activity, 
cotramsfected cells were readily observed din 
liistochemiccil reactions for ^-galactosidase activity. 

15 . JBxample 2 

FLP-Mediated Removal of Intervening Sequences 

If the invention method is to be widely 
applicable, for example for gene activation in tr«msgenic 

20 mammals, the ability of MiP to faithfully promote precise 
recombination at FLP recontbination target sites contained 
in the mammalian genome is required. Such ability is 
demonstrated in this example. 

Cell lines that contain single integrated 

25 copies of pNEO^ffGaii (designated CVN£Oj9GAL/E) were produced 
by transfecting CV-1 cells with linearized plasmid by 
electroporation, then isolated by selecting G418- 
resistant (G418*) transfectants that stably expressed the 
neomycin cassette, and finally identi;Cying single copy 

30 lines by Southern blot analyses (Pig. 3) . As previously 
sliown for other integrated constructs with siniilarly 
short direct repeats, the chromosomal FRTs did not 
spontaneously recombine (in the absence of TUB) to 
produce a jS-gauLactosidase-positive (j3GAL*) phenotype at 
35 detectable frequencies (Table 2) . 



wo 92/15694 



PCr/US92/01899 



-23- 

Transieni: expression of FLP in the 
CVKEOjBGAVE lines {by transiently transfecting with the 
pOG44 Ftp expression vector) promoted a rapid conversion 
to a fiGAL* phenotype. Khen five different lines were 
5 transiently transfected with the pdG44 FLP expression 

vector, )9--galactosidase activities at 36 hours were 40 to 
100-fold higher than those seen in replicate plates 
transf ected with a non-FIiP plasmld (Table 2) • At 48 
hours after trzinsfectlon histochemical processing showed 

10 many positive cells (Table 2). 

Table 2 presents the )9-galactosidase 
phenotypes of CVNEO)5GAI/E lines, which contain a single 
copy of the )3-galactosldase inactive reporter, pNEOpGAIi, 
after trsmsfection with FliP expression (pQG44}r non-FIiP 

15 negative control (pOG28) or j9-galactosidase positive 

control (pFRT^GAIt) plasmids. The pFRT;?GAI« trztns feet ions 
included Ipg of pFRT)9GAIi and 19 fig of pOG44; other mixes 
contained 20;ig of the indicated plasmld. >?-galactosldase 
activities «ire mean values for triplicate transf ectlons 

20 performed as described for Fig* 2 and assayed 36 hours 
after removal of precipitates; standard errors for the 
pOG44 transfectlons were less than 10% of the mean* The 
percent positive was determined by scoring more than 10^ 
cells after transf ectlon and histochemical processing as 

25 described by de Wet et al . , sunrz^ . 
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)9-GAIACT0SinASE PHENOTYPES OF 
TRANSFECTBD CVNEO)?GAIi CEIaL lOlIES 



5 

CELIi ACTXVITIES PERCENT POSITIVE 

I»IKE (units/nig protein) 



10 pOG28 pOG44 pOG28 pFRT^GAL pOG44 



B6 0.24 11*2 Of 8.7 6.1 

E25 0.21 16.7 Of 17.1 12.4 

15 E26 0.18 7.2 Of 19.5 15.4 

E14 0.28 13.1 m ND ND 

E22 0.09 9.6 ND ND ND 

fNo positive cells were found among >10* cells exaiiined, 
20 ND: Not done. 



To provide some estimate of the efficiency 
25 of recombination, an additional set of replicate plates 
were transf ected with the pFBTpGM, ;J-galactosidase 
expression vector. Comparing the fractions of cells that 
were ^SGAIrf in the pFRTffGAT> and in the pOG44 tr^sfections 
(assuming similar tremsfection efficiencies) suggests 
30 that most (70-80%) of the cells taransfected with pOG44 
were converted to a pGAI^ phenotype (Table 2) . The 
comparison undoubtedly underestimates the efficiency of 
FlrP-mediated excision. Khereas mjuiy copies of a 
ftmctlonal jS--galactosidase gene were available for 

35 immediate tremscription in the positive controls, 

■\ ■ ■ 

recombination may have occurred shortly before harvest in 
some pOG44—tr£msf ected cells. In these cases the single 
recombined reporter gene may not have generated enough 
jS-galactosidase by the time of heirvest to render the 
40 cells positive in this assay. 
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The pGAIi* phenotype was passed on to all 
descendents of jwuiy FLP-converted cells, Positiva 
colonies were formed dtirlng prolonged expansion of 
individual colonies. Entirely negative colonies and 
5 mixed colonies were also observed. Mixed colonies would 
be expected if recombination occurred after mitosis in 
only one descendent of a transf acted cell, or if 
recombined and iinrecombined cells mixed at replating or 
during subsec[uent growth. Indeed, the physical 

10 segregation of phenotypes evident in most mixed colonies 
suggested that they were composed of stably positive and 
negative lineages. 

The correlation between ^-galactosidase 
expression and recombination at FRT sites was exeuained by 

15 comparing the structure of the integrated pNEOjffGAI* 

sequences in two PGAI#* subclones to the parental line* 
CVNEO/SGMV'HSS (106) cells were tramsfected with the pOG44 
FLP expression vector and subcloned 12 hours after 
removal of the precipitate. After histochemical 

20 screening, two ^GAI.* subclones (E25B1 and E25B2) were 
expanded for further analysis* In Southern blots of 
genomic DNA from both subclones, the pattern of 
hybridization matched that expected for FliP-mediated 
recoittbijtiation of the FRP sites in the parental line (Fig. 

25 3). While recombination products have not been recovered 
and sequenced, these Southeim analyses and the fact that 
activation of ^-galactosidase expression required 
creation of a functional trMslational reading frtime 
indicate that Fr»P-mediated recombination was precise. 



30 



wo 92/15694 



PCr/US92/01899 



-26- 

Example 3 
FLP Mediated Recombination of FRT 
on an Extrachromosomal Molecmle With a 
Chromosomally Integrated FRT 

5 

. Reversal of the process described in the 
previous Example, i.e., the FliP-mediated recombination of 
an FR3? site on a plasmid with a chromosomally integrated 
FRT site, can be used to target the integration of 
10 transfected plasm "ids to specific genomic sites* To 
determine the frequency at which this occurs, G418- 
sensitive, pGM^ E25B2 cells were co- transfected with the 
pOG44 FLP escpression vector and a plasmid, pOG45, that 
contained a neoxaycin resistance gene expression cassette 
IS and a single FBT, pOG4S consisted of the neomycin 

resistance cassette EUid 3* FRT from pNEOjSGAIi cloned into 
ptrci9. 8 X 10^ CVN£0)?GAIi cells were transfected by 
electroporation in 800 pi of saline containing 40 fiq of 
pOG44 cind 0.1 jttg of either pOG45 or, for a negative 
20 control, pOG45A (which was derived from pOG45 by deleting 
a 200 bp fragment containing the FRT) . 

G418" subclones (designated B2N) from three 
transfections that had stably integrated p064 5 were 
histochemically stained for )3-galactosidase activity emd 
25 more than half (104 of 158, or "'66%) were either entirely 
)9^galactos±dEU5e'-negative (fiGAXT) or predominantly fiGAL 
with a few clusters of ^GAIi* cells. The remaining 
coloxiies were )9G&I*^. With continued passage as dispersed 
monolayers, the fraction of )36AIf* cells in the mosaic 
30 lines arapidly diminished. This suggested they were G418' 
sensitive cells that initiEd.ly survived because of their 
proximity to resistant cells; this was confirmed by 
reconstitution esqperiments. All of the 55 colonies 
formed after parallel co-transfections of pOG44 and a 
35 derivative of pOG45 (pOG45A} that lacked an FRT were 
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The correlation between loss of 
^-galactosidaee activity and recombination between 
plasmid and chromosomal FRTs^ was examined in Southern 
analyses. Because the FRT and neomycin cassette of pOG45 
5 were derived from the neomycin cassette and 3» FRT of 

pNEO^GAL (Fig. 2A) , recombination of the plasmid FRT with 
the E25B2 chromosomal FRT regenerates the 3*2 kb EcoRI 
fragment of the original CVNE0)SGAL/E25 parent. 
Additionally, the 8.5 kb junctional fragment of 
10 CVNE0^GAVB25 shifts to 12.0 35b because pOG45 is 3.5 kb 
larger than the neomycin cassette of pNEO)ffGAI,. The 3,2 
3cb EcoRI fragment and the 8.5 kb junctional fragment were 
observed in each of the 10 cell lines analyzed after 
initial histochemical classification as fiGAL or mosaic, 
15 as shown for two such lines in Fig. 3B. in contrast, 
e&ch of the four ^GAIrf colonies examined by Southern 
analyses showed that pOG45 had integrated at a random 
site. 

These data show that FlJ'-mediated 
20 recombination will target the integration of transfected 
DNA to a specific chromosomal site at frequencies that 
exceed those of random integration, and that the event 
can be marked by the alteration in gene activity at the 
target site. The efficiency of targeted integration can 
25 be increased by standard optimization techniques, such as 
for example, by using ratios of the integrating plasmid 
and FUP expression vectors different from the single 
ratio mixture used here, or by using FRT mutations in the 
plasmid and chromosomal sites to decrease the frequency 
30 with which successfully integrated plasmids are 
subsequently excised. 

While the invention has been described in 
detail with reference to certain preferred embodiments 
thereof, it will be understood that modifications and 
35 variations are within the spirit and scope of that which 
is described and claimed. 
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SUMMARy OF SEQUENCES 

Sequence X.D* No. 1 is the approximately 
i450 base— paiar sequence encoding a FIiP recombinase 
5 contemplated for use in the practice of the present 
invention, as well as the amino acid sequence deduced 
therefrom. 

Sequence X.0. No. 2 is the amino acid 
sequence deduced from the nucleotide sequence of Sequence 
10 ID Wo. 1. 
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(2) INPOKHATION FOR SEQ XD H0:1: 

(i) SEQDENCE CHAKACTERISTICS : 

(A) LENGtH: 1380 base pairs 

(B) rXPE: nucleic acid 

(C) STRAHDEDNESS: single 

(D) TOPOLOGfY: linear 

(ii) MOLECOLE TYPE: DNA (genomic) 



(vii) IMMEDIATE SOURCE: 

(B) CLONE: NATIVE FLP 

(ix) FEATDRE: 

(A) NAME/KE^: CDS 

(B) LOCATIOH: 1..1269 



(xl) SEQDEHCE DESCRIFTXON: SEQ ID N0:1: 

ATG CCA CAA TTT GAT ATA TTA TGT AAA ACA CCA CCT AAG GTG CTT GTT 
Met Pre Gin Phe Asp lie Leu Gys Lys Tbr Pro Pro Lys Val Leu Val 
1 5 10 15 

CGT GAG TTT GTG GAA AGG TTT GAA AGA CCT TGA GGT GAG AAA ATA GCA 
Arg Gin Phe Val Glu Arg Phe Glu Arg Pro Ser Gly Glu Lys lie Ala 
20 25 30 

TTA TGT GCT GCT GAA CIA ACC TAT TTA TGT TGG ATG ATT ACA CAT AAC 
Leu Cys Ala Ala Glu Leu Thr Tyr Leu Cys Trp Ket lie Thr His Asn 
35 40 45 

GGA ACA GCA ATC AAG AGA GCC ACA TTC ATG AGC TAX AAT ACT ATC ATA 
Gly Thr Ala He Lys Arg Ala Thr Phe Met Ser TVr Asn Thr He He 
50 55 60 

AGC AAT TCG CTG AGT TTC GAT ATT GTC AAT AAA TCA CTG GAG TTT AAA 
Ser Asn Ser Leu Ser Phe Asp He Val Asn Lys Ser Leu Gin Phe Lys 
65 . 70 75 BO 

TAG AAG ACG CAA AAA GCA ACA ATT CTG GAA GCC TCA TTA AAG AAA TTG 
Tyr Lys Thr Gin Lys Ala Thr He Leu Glu Ala Ser I^u Lys Lys Leu 
85 90 95 

ATT CCT GCT TGG GAA TTT ACA ATT ATT CCT TAG TAT GGA CAA AAA CAT 
He Pro Ala Trp Glu Phe Thr He He Pro Tyr Tyr Gly Gin Lys His 
100 105 110 

CAA TGT GAT ATC ACT GAT ATT GTA AGT AGT TTG CAA TTA GAG TTC GAA 
Gin Ser Asp He Thr Asp He Val Ser Ser Leu Gin Leu Gin Phe Glu 
115 120 125 

TCA TCG GAA GAA GCA GAT AAG GGA AAT AGC CAC AGT AAA AAA ATG CTT 
Ser Ser Glu Glu Ala Asp Lys Gly Asn Ser His Ser Lys Lys Met Leu 
130 135 140 

AAA GCA CTT CTA AGT GAG GGT GAA AGC ATC TGG GAG ATC ACT GAG AAA 
Lys Ala Leu Leu Ser Glu Gly Glu Ser He Trp Glu He Thr Glu Lys 



48 
96 
144 
192 
240 
288 
336 
384 
432 
480 



145 



150 




160 
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ATA CTA AAT TCG TTT GAG TAT ACT TCG AGA TTT ACA AAA ACA AAA ACT 
lie Iau. Asn Ser Phe Glu Tyr Thr Ser Ars 
165 17f 



eg Phe Thr Lys Thr Lys Thr 



TTA TAG CAA TTC CTC TTC CTA GCT ACT TTC ATC AAT TGT GGA AGA TTC 
Leu Tyr Gin Phe I^u Phe Leu Ala Thr Phe lie Asn Cys Gly Arir Phe 
180 185 190 



528 



576 



AGC GAT ATT AAG AAC GTT GAT CCG AAA TCA TTT AAA TTA GTC CAA AAT 624 
Ser Asp lie Lys Asn Val Asp Pro Lys Ser Phe Lys Leu Val Gin Acn 
195 200 205 

AAG TAT CTG GGA GTA ATA ATC CAG TGT TTA GTG ACA GAG ACA AAG ACA 672 
Lys Tyr Leu Gly Val lie lie Gin Cys Leu Val Thr Glu Thr Lys Thr 
210 215 . 220 

AGC GTT ACT AGG CAC ATA XAC TTC TTT AGC GCA AGG GGT AGG ATC GAT 720, 
Ser Val Ser Are His lie Tyr Phe Phe Ser Ala Arg Gly Arg lie Asp 
225 230 235 240 

CCA CTT GTA TAT TT6 GAT 6AA TTT TTG AGG AAT TCT GAA CCA GTC CTA 768 
Pro Leu Val Tyr Leu Asp Glu Phe Leu Arg Asn Ser Glu Pro Val Leu 
245 250 255 

AAA CGA GtA AAT AGG ACC GGC AAT TCT TCA AGC AAT AAA CAG GAA TAG 816 
Lys Arg Val Asn Arg Thr Oly Asn Ser Ser Ser Asn Lys Gin Glu Tyr 
260 ^ 265 270 

CAA TTA TTA AAA GAT AAC TTA GTC AGA TCG TAG AAT AAA GCT TTG AAG 864 
Gin Leu Leu Lys Asp Asn Leu Val Arg Ser Tyr Asn Lys Ala Leu Lys 
275 280 285 

AAA AAT GCG CCT TAT TCA ATC TTT GGT ATA AAA AAT GGC CCA AAA TCT 912 
Lys Asn Ala Pro Tyr Ser He Phe Ala Ho Lys Asn Gly Pro Lys Ser 
290 295 300 

CAC ATT GGA AGA CAT TTG ATG ACC TCA TTT CTT TCA ATG AAG GGC CTA 960 
His He Gly Arg His Leu Met Thr Ser Phe Leu Ser Met Lys Gly Leu 
305 310 315 320 

AGG GAG TTG ACT AAT GTT GTG GGA AAT TGG AGC GAT AAG GGT GCT TCT 1008 
Thr Glu Leu Thr Asn Val Val Gly Asn Trp Ser Asp Lys Arg Ala Ser 
325 330 335 

GCC GTG GCC AGG ACA AGG TAT ACT CAT CAG ATA ACA GCA ATA CCT GAT 1056 
Ala Val Ala Arg Thr Thr Tyr Thr His Gin He Thr Ala He Pro Asp 
340 345 350 

CAC TAG TTC GCA CXA GTT TCT CGG TAG TAT GCA TAT GAT CCA ATA TCA 1104 
His Tyr Phe Ala Leu Val Ser Arg Tyr Tyr Ala Tyr Asp Pro He Ser 
355 360 365 

AAG GAA ATG ATA GCA TTG AAG GAT GAG ACT AAT CCA ATT GAG GAG TGG 1152 
Lys Glu Met He Ala Leu Lys Asp Glu Thr Asn Pro He Glu Glu Trp 
370 375 380 

GAG CAT ATA GAA CAG CTA AAG GGT ACT GCT GAA GGA AGC ATA CGA TAG 1200 
Gin His He Glu Gin Leu Lys Gly Ser Ala Glu Gly Ser He Arg Tyr 
385 390 395 400 
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CCC GCA XGG AAX GGG AXh AXA TGA CAG GAG GXA CTA GAG TAG CTT XCA 1248 
Pro Ala Trp Asn Gly He He Ser Gin Glu Val Leu Asp Tyr Leu Ser 
405 410 415 

TCC TAG ATA AAT AGA GGG ATA TAAGTACGCA TTTAAGCATA AACAC6CACT 1299 
Ser Tyr He Asn Arg Are He 
420 

ATGCCGTTCT TCTCATGTAT ATATAT&TAC AGGCAACACG CAGATATAGG TGCGACGTGA 1359 
ACAGTGAGCT GTATGTGCGC A 1380 

(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 423 amino acids 

(B) TYPE: amino acid 
(0) TOK>U0GY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

Met Pro Gin Phe Asp He Leu Cys Lys Thr Pro Pro Lys Val Leu Val 
1 5 10 15 

Arg Gin Phe Val Glu Arg Phe Glu Arg Pro Ser Gly Glu Lys He Ala 
20 25 30 

Leu Cys Ala Ala Glu Leu Thr Tyr Leu Cys Trp Met He Thr His Asn 
35 ' io 45 

Gly Thr Ala He Lys Arg Ala Thr Phe Met Ser Tyr Asn Thr He He 
50 55 60 

Ser Asn Ser Leu Ser Phe Asp He Val Asn Lys Ser Leu Gin Phe Lys 
65 70 75 80 

Tyr Lys Thr Gin Lys Ala Thr He Leu Glu Ala Ser Leu Lys Lys Leu 
85 90 95 

He Pro Ala Trp Glu Phe Thr He He Pro Tyr Tjrr Gly Gin Lys His 
100 105 110 

Gin Ser Asp He Thr Asp He Val Ser Ser Leu Gin Leu Gin Phe Glu 
llS 120 125 

Ser Ser Glu Glu Ala Asp Lys Gly Asn Ser His Ser Lys Lys Met Leu 
130 Ss 140 

Lys Ala Leu Leu Ser Glu Gly Glu Ser He Trp Glu He Thr Glu Lys 
145 150 155 160 

He Leu Asn Ser Phe Glu Tyr Thr Ser Are Phe Thr Lys Thr Lys Thr 
165 170 175 

Leu Tyr Gin Phe Leu Phe Leu Ala Thr Phe He Asn Cys Gly Arg Phe 
180 185 190 
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Ser Asp lie Lys Asn VaX Asp Pro Lys Ser Phe Lys Leu Val Gin Asn 
195 200 205 

Lys Tyr Leu Gly Val lie lie Gin Cys Leu Val Thr Glu Thr Lvs Thr 
210 215 220 

Ser Val Ser Arg His He Tyr Phe Phe Ser Ala Arg Gly Arc He Asp 
225 230 235 240 

Pro Leu Val Tyr Leu Asp Glu Phe Leu Arg Asn Ser Glu Pro Val Leu 
245 250 255 

Lys Arg Val Asn Arg Thr Gly Asn Ser Ser Ser Asn Lys Gin Glu Tyr 
260 265 ^ 270 

Gin Leu Leu Lys Asp Asn Leu Val Arg Ser Tyr Asn Lys Ala Leu Lvs 
275 280 285 

Lys Asn Ala Pro Tyr Ser He Phe Ala He Lys Asn Gly Pro Lys Ser 
290 295 300 

His He Gly Arg His Lou Met Hir Ser Phe Leu Ser Met Lys Gly Leu 
305 310 315 ^ 320 

Thr Glu Leu Thr Asn Val Val Gly Asn Xrp Ser Asp Lys Are Ala Ser 
325 330 ^ 335 

Ala Val Ala Arg Thr Thr Tyr Thr His Gin lie Thr Ala He Pro Asp 
340 345 350 

His Tyr Phe Ala Leu Val Ser Arg Tyr Tyr Ala Tyr Asp Pro He Ser 
355 _ 360 365 

Lys Glu Met He Ala Leu Lys Asp Glu Thr Asn Pro He Glu Glu Trp 
370 375 380 

Gin His Ho Glu Gin Lou Lys Gly Ser Ala Glu Gly Ser He Arg Tyr 
385 390 . 395 400 

Pro Ala Trp Asn Gly He He Ser Gin Glu Val Leu Asp Tyr Leu Ser 
405 410 415 

Ser Tyx He Asn Arg Arg He 
420 
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TBAT WHICH IS CIAIMED IS: 

X. A Ktcumaalian recombinatiion system 
comprisingr 

(1) FLP recombinase,. or a nucleotide sequence 

encoding sasne, and 
(ii) a first DNA comprising a nucleotide 

seguence containing at least one FU? 

recombination teorget site therein. 



2. A recombination system according to Claim 1 
further comprising: 

(iii) a second DHA, wherein said second 

DNA is selected from: 
15 (a) at least a second portion of said 

first gene of interest, or 
(b) at least a portion of a second gene 
of interest; 

wherein said second DNA contains at least one FIiP 
20 recombination target site; and wherein said second DNA, 
when combined in reading frame with said first DNA, 
provides a functional gene. 

3. A recombination system according to Claim 2 
25 wherein said second DNA comprises an additional portion 

of said first gene of interest. 

4. A recombination system according to Claim 2 
wherein said second DNA comprises at least a portion of a 

30 second gene of interest. 



5. A recombination system according to Claim 4 
wherein sa±€L portion of said second gene of interest. 



wo 92/15694 



PCr/US92/01899 



-35- 

when combined in reading frame with said first DNA, 
provides a hybrid, functional gene. 

6. A recombination system according to claim 4 
5 wherein said portion of said second gene of interest, 

when combined with said first DNA, disrupts the function 
of said first gene of interest. 

7. A recombination' system according to Claim 1 
10 wherein said first DNA further comprises a second FLP 

recombination target site. 

8. A recombination system according to Claim 1 
wherein the FLP recombinase is derived from a species of 

15 the genus Saccharoxoyces • 

9. A recombination system according to Claim 1 
wherein the FLP recombinase is derived from a strain of 
Saccharomyces cerevisiae. 



20 



25 



10. A recombination system according to Claim 9 
wherein said FLP recombinase is encoded by the 
approximately 1450 base pair sequence set forth as 
Sequence ID No. 1. 

XI. A recombination system according to Claim 1 
wherein said first DNA provides a readily analyzable 
marker feature to the host system. 



30 



12. A recombination system according to Claim 2 
wherein said second DNA provides a readily analyzable 
marker feature to the host system. 
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X3. A DNA construct coinprising, as an 
autonomous fragment: 

(a) at least one FU? recoBibination target 
site, 

5 (b) at least one restriction endonuclease 

recognition site, 

(c) at least one marker gene, 

(d) a bacterial origin of replication, and 
optionally 

20 (e) a mammalian cellular or viiral origin of 

DMA replication, 

14. A DHA construct comprising, as an 
autonomous fragment, in the following order, reading from 
15 5' to 3' along said fragment: 

(a) a first FI»P recombination target site, 

(b) an insert portion comprising, in any 
^ suitable sequence: 

(1) at least one restriction 

20 endonuclease recognition site, 

(2) at least one marker gene, 

(3) a bacterial origin of replication, 
and optionally 

(4) a mammalian cellulsor or viiral origin 
25 of DHA replication, and 

(c) a second FUP recombination target site in 
tandem with said first FXP recombination 
teirget site. 

30 15. A method for the assenibly of functional 

gene(s), which is (are) then suitable for activation of 
expression in mammalian cells, by recombination of 
individually inactive gene segments derived from one or 
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more gene{s) of interest, wherein each of said segments 
contains at least one recombination target site, said 
method comprising: 

contacting said individually inactive gene 
5 segments vith a FltP recombinase, tinder 

conditions suitzible for recombination to occur, 

thereby providing a DNA sequence which encodes 

a functional gene of interest* 

10 16* A method according to Claim 15 wherein the 

FU> recombinase is derived from a species of the genus 
Saccharomyces . 

17. A method according to Claim 15 wherein the 
15 FliP recombinase is derived from a strain of Saccharomyces 

cerevisiae. 

18. A method according to Claim 17 wherein said 
FLP recoxttbinase is encoded by the approximately 1450 base 

20 pair sequence set forth as Sequence ID No. 1. 

19. A method for the disruption of functional 
gene(s) of interest, rendering said gene(s) unable to be 
inactivated for expression in mammalian cells wherein 

25 said gene(B} of interest contain at least one FLP 
recombination target site, said method comprising 
contacting said gene(s) of interest with: 

(i) a DNA segment which contains at least one 
FLP recombination target site, and 
30 (ii> FLP recombinase; 

wherein said contacting is caunried out xmder conditions 
suitzible for recombination to occur between said gene and 
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said DNA segment, thereby disrupting the gerte(s) of 
interest and rendering said gene(s) non-functional. 

20. A method accoarding to Claim 19 wherein said 
5 DNA segment provides a readily analyzable marker feature 
to the host system. 

21- A method according to Claim 19 wherein the 
FIiP recombinase is derived from a species of the genus 
10 Saccharomyces* 

22. A method according to Claim 19 wherein the 
FI»P recombinase is derived from a strain of Saccharomyces 
cerevisiae. 



15 



20 



23. A method according to Claim 22 wherein said 
FIJP recombinase is encoded by the approximately 1450 base 
pair sequence' set forth as Sequence XD No. 1. 



24. A method for the recovery of transfected 
DNA tram the genome of a transfected organism, wherein 
the genomic DNA of said transfected organism contains a 
fragmrat having two tandeialy oriented FIJ? recombination 
target sites therein, said method comprising contacting 

25 genomic DNA from said organism with FI^P- 

25. A method for the precisely targeted 
integration of DNA into the genome of a host organism, 
said method compriising: 

30 (i) introducing a FLP recombination target 

site into the genome of cells which are 
compatible with the cells of the subject. 
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(ii) introducing a first DNA comprising a 

nucleotide sequence containing at least 
one FIiP recoinbination target site therein 
into the FI*P recombination target site in 
the genome of said cells by contacting 
said cells with said first DHA and FIiP 
recombinase, and thereafter 
(iii) introducing the cells produced by the 

process of step (ii) into said subject* 



26. A method according to Claim 25, further 
comprising contacting the genomic DNA from said subject 
with FLP, thereby recovering the trans fected DNA 
containing said first gene of interest from the genome of 
15 said transfected organism. 

27* A method according to Claim 26, further 
comprising introducing at least a portion of a second 
gene of interest into said FI*P recombination target site. 

20 

28. A method according to Claim 25, further 
comprising introducing at least a portion of a second 
gene of interest into one of the FXP recombination target 
sites of said stibject. 

25 

29. A mammalian cell, wherein the genomic DNA 
of said cell contains at least one FLP recoxobination 
target site therein. 

30 30. A mammalian cell according to Claim 29 

wherein said FU? recombination tairget site in the genomic 
DNA of said cell is positioned within at least a portion 
of one or more gene(s) of interest. 
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31. A mammalian cell according to Claim 30, 
further comprising DNA encoding, and capable of 
expressing, in manmalian cells, a FUP recombinase. 

5 32. A mammalian cell according to Claim 30 

wherein said gene(s) of interest provide a readily 
analyzable marker feature to the host system. 

33. A mcunmalian cell according to Claim 29 
10 wherein said FLP recombination teurget site has the 

sequence: 

5 » -GAAGTTCCTATTCTCTAGAAAGTATAGGAACTT, 
15 or functional equivalents thereof. 

34. A mammalian cell according' to Claim 30 
further comprising an additional DNA fragment, wherein 
said additional DMA fragment is selected from: 

20 (a) at least a second portion of said 

fiirst gene of interest, or 

(b) at least a portion of a second gene 
of interest; 

wherein said second DHA contains at least one FISP 
25 recombination target site? and wherein said second DNA, 
when combined in readJLrig frame with said first DNA, 
provides a functional gene. 



30 



35. A transgenic, non-human mairanal, wherein 
said mammal contains at least one FIxP recombination 
target site in the genomic DNA thereof. 
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36 • A tr2Misgenic, non-hinnan maanmal according to 
claim 35 wherein said FLP recombination target site is 
positioned witiiin at least a portion of one or more 
gene(s) of interest. 

37. A transgenic, non-human mammal according to 
Claim 35, further comprising a nucleotide sequence 
encoding, and capable of expressing, in transgenic, non- 
human mammals, a FLP recombinase. 

38* A transgenic, non-hiunan mammal according to 
Claim 35, fuirther comprising FLP recombinase. 

39. A transgenic, non-human mammal according to 
15 Claim 36 wherein said gene(s) of interest provide a 

readily analyzztble marker feature to the host system. 

40. A transgenic, non-h\2man mammal according to 
Claim 35. wherein said FIiP recombination target site has 

20 the sequence: 

5 ■ -GAAGTTCCTATTCTCTrAGAAAGTATAGGAACTT , 
or functional equivalents thereof. 

25 

41. A transgenic, non-human mammal according to 
Claim 36 further comprising an additional DNA fragment, 
wherein said additional DNA fragment is selected from: 

(a) at least a second portion of said 
30 first gene of interest, or 

(b) at least a portion of a second gene 
of interest; 

wherein said second DNA contains at least one FI>P 
recombination target site; and wherein said second DKA, 
35 when combined in reading frame with said first DNA, 
provides a functional gene. 
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42. A method for the site-specific integration 

' of transf acted DNA into the genome of a cell according to 
claim 29 f said method comprising: 

(i) contacting said genome with: 
5 (a) FLP recombinase, and 

(b) a first DNA comprising at least a 
portion of a first gene of interest? 

wherein said first DNA contains at 
least one FLP recombination target site; 
10 and thereafter 

(ii) maintaining the product of step (i) under 
conditions suitable for site-specific 
integration of said DNA sequence to occur 
at the FI»P recombination target site in 

15 said genome of the host cells* 

43. A method according to Claim 42 wherein said 
FLP recombination target site in the genomic DNA of said 
cell is positioned within at least a portion of one or 

20 more gene (s) .of interest. 

44. A method according to Claim 42 further 
comprising additionally contacting said host cell with a 
second DNA, wherein said second DNA is selected from: 

25 (a) at least a second portion of said 

first gene of interest, or 

(b) at least a portion of a second gene 
of interest? 

wherein said second DNA contains at least one FJCP 
30 recombination target site; and wherein said second DNA, 
when combinied in reading frame with said first DNA, 
provides a functional gene. 



45. A method according to Claim 42 wherein said 
35 FltP recombinase is provided by a FLP expression vector. 
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46 • A method according to Claiia 45 wherein the 
expression of FLP recoinbinase by said FIiP expression 
vector is stibject to regulatory control • 

47. A method according to Claim 42 wherein said 
FJJP recombination target site is introduced into the 
genome of said host mzimmalian cell by transfecting said 
host cell with a DNA fragment containing at least one 
recombination target site therein* 



48. A method according to Claim 42 wherein the 
FiiP recombination target site in the genomic DNA of said 
host mammalian cell is so positioned that the 
introduction of additional DNA sequences therein will 

15 inactivate the target gene. 

49. A method for the site-specific integration 
of transfected DNA into the genome of a host according to 
Claim 35, said method comprising: 

20 (^) contacting said gename\with: 

(a) FU? recombina££e, and 

(b) a first DNA comprising a nucleotide 
sequence containing at least one FLP 
recombination target site therein; 

25 and thereafter 

(ii) maintaining the product of step (i) under 
conditions suitable for site— specif ic 
integration of said DNA sequence to occur 
at the FLP recombination target site in 

30 said genome of the host. 

50. A method according to Claim 49 wherein said 
FLP recombination target site is positioned within at 
least a portion of one or more gene(s) of interest. 

35 
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51, A method according to Claim 49 further 
comprising additionally contacting said host with a 
second DNA,. wherein said second DNA is selected from: 

(a) at least a second portion of said 
5 first gene of interest, or 

(b) at least a portion of a second gene 
of interest; 

wherein S2iid second DNA contains at least one FIiP 
recombination taa^get site? and wherein said second DNA, 
10 when co^nbined in reading frame with said first DNA, 
provides a functional gene* 

52, A method according to Claim 49 wherein said 
FIiP recombinase is provided by a FIiP expression vector, 

15 

53 , A method according to Claim 52 wherein the 
expression of FItP recombinase by said FI<P expression 
vector is subject to regulatory control. 

20 54.^ A method according to Claim 49 wherein said 

FUP recombination target site is introduced into the 
genome of said host mmmnal by transfecting said host with 
a DHA fragment containing at least one recombination 
target site therein. 

25 

55* A method according to Claim 49 wherein the 
DNA of said host mammal contains at least one FCP 
recombination target site, and wherein said FI»P 
recombination target site is so positioned that the 
30 introduction of additional DilA sequences therein will 
inactivate the target gene. 
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56, A juethod for the analysis of the 
development of a xatumoal, said method comprising: 

(a) providing a transgenic mannnal comprising: 

(i) an expression construct encoding FLP 
5 under the control of a conditional 

promoter, and 

(ii) a reporter construct tinder the 
control of the same or a different 
promoter, wherein said reporter 

10 construct encodes a functional or 

non-functional reporter gene 
product, and wherein said construct 
contains at least one FIiP 
recombination target isite therein, 

15 wherein the. functional 

expression of the functional 
reporter gene is disrupted when said 
TLB recombination event occurs, or 
wherein the . functional 

20 expression of the non-functional 

reporter gene commences when said 
FI/P recombination event: occurs; and 

(b) following the development of said mammal to 
determine when expression of functional reporter gene 

25 product either commences or is disrupted. 

57. A method according to Claim 56 wherein said 
conditional promoter is developmentally-regulated. 

30 58. A co-tremsfection assay for the occxirrence 

of PliP-mediated recombination, said assay comprising: 
(a) co-trans feet ing a host mammalian cell 

with: 

(i) a FIiP expression plasmid, and 
35 (ii) a reporter plasmid comprising a non- 

functional reporter gene wherein said non- 
functional reporter gene is inactivated by 
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the presence of extraneous DNA containing 
at least one recombination target site; * 
and 

(b) monitoring said host cell under a variety 
5 of conditions for the gain of expression of functional 
reporter giene product. 

59, A co-transfection assay for the occurrence 
of FI»P*mediated recombination, said assay comprising; 
10 (a) co-transf ecting a host maiamalian cell 

with: 

(i) a FI^ ejcpression plasmid, zmd 

(ii) a reporter plasmid comprising a 
functional reporter gene contaJLning at 

15 least one recombination target site 

therein; and 
(b) monitoring said host cell under a variety 
of conditions for the loss of expression of functional 
reporter gene product. 

20 



wo 92/15694 



PCr/US92/01899 



1 / 3 



FiaiA 



B5B BETA-GAL 




FLP 



BETA-GAL 



,FIQ.1B 




FLP 





SUBSTITUTE SHEET 



wo 92/15694 



2/3 



PCr/US92/01899 




SUBSTITUTE SHEET 



wo 92/15694 



3/3 



PCr/US92/01899 



CM CM 

CM3- 



C\J 
CD 



CM 
UJ 

in ^ 
in 

CM 
LU 



QQ 
00 

Li. 



I 

I 



I 
I 



I 



/I \ 

o iq in 
CM o 00 



1 1 

f 



! 

I I 

CVI 

CO CO 



I 

f 

I 



I 

o 
cm' 




-suBsrrruTE sheet 



INTERNATIONAL SEARCH REPORT 

.' International Apptioatton No. PCX/US92/01S99 



1. CLASStRCATtON OP SUBJECT MAY l ER (if *eyar8l ctavsiflcatfon avmbols apulv, indieata all)' 


Accenting to Intamational Patant Claasincatmn (IPCI or to both National aasalfioation and IPC 

IPC tS)i C12» X5/85, S/16? C07H 15/12 
OS CI. r 435/320.1^ 240.2, 172.3; 536/27 


H. FIELDS SEARCHED 






Minimum Dooumantatlon Saarehod* 




ClaMlficarion Syatam 


Claaalfloatlon Symbola 


U.S. 


435/320.1, 240.2, 172.3; 536/27 


Documantation Saarchad othar than Minimum Oooumontatlon 
to tha axtant that auoh Document* ara inctudad in tha Relda Saarohad* 


Please See Attached Sheet:. 


ni. DOCUMENTS CONSIDERED TO BE RELEVANT'* 


CatagoffY* 


Cftatfon of Dooumant^* wfth indtonlon* whe» oppropfiata, 0^ 


Relevant to Oaim No. 


y 


Cell, volume 59, issued 03 November 1989, Gollc et al . > 
"The FIiP Recombinase Of Yeast Catalyzes Site -Specific 
Recombination In The Drbsophila Genome*, pages 499-509, 
See entire document. 


1-18, 29-34 




Cell, volume 21, issued September 1980, Broach £t Al. # 
"Replication And Recombination Functions Associated 
With The Yeast Plasmid, 2pi Circle", pages 501-508, See 
entire document* 


1-18, 29-34 




Proc. Natl. Acad* Sci* USA, volume 82, issued September 
1985, Jayaram, "Two-Micrometer Circle Site-Specific 
Recombination: The Minimal Substrate And The Possible 
Role Of Planking Sequences*, pages 5875-5879. See 
entire docimient. 


1-18, 29-34 


Y 


J. Bacteriol. r volume 169 , no, 12 , issued December 
1987, Utatsu £t aL.# "Yeast Plasmids Resembling 2pm 
DNA: Regional Similarities And Diversities At The 
Molecular Level", pages 5537-5545. See entire 
document . 


1-18, 29-34 


* Spacialcataooriacotcltaddocunants:** 

*A* documantdaffnlngthagmnriatstaof thaaitwhlohlt 
notoonaidacadtopaof partioular wtavanoa 

"E" earfiar docwmwit but pubMad on or* aftM* tha 
intamationrf^ffinS data 

^* dooumant which may throw doubta on priofity daimCs) 
or wNch ta chad to astabSah tha pubCcatioft data of 
onothar citation or othar ipaoW taaaon (aa apaoHiedl 

"O* dooumant rafaning to an oral dtacloaura« uaa, axhibition 
or othar maana 

dooimant pubiahKl piwr to tha mtanMlionel fiBrHV cU^ 
bm latar than tha pnonty data olaanad 


"T latar dooumant pubtiahad aftar tha Intamational fUing 
data or priority data and not in oonfSot with tha 
apptloation but dtad to undaratand tha priricipia or 
thaory undartying tha Invantion 

"X* dooumant of pardoular ralavanoa; tha cl8irr>ad 
invanrtion cannot ba eonaidarad noval or cannot ba 
conaidarad to Invotva an tnvantiva atap 

'Y* dooumant of partioular ralavanca; tha cinmad 
invantion cannot ba conaidarad to involva an 
invantiva atap whan tha dooumant la eombinad with 
ona or rrwra othar auch dooumams, auch'comblnatlon 
balng obvtoua to a paraon ricHtad in tha art 
documant mambar of tha aama patant famllv 


IV. CERTinCATlON 


Data of tha Actual Compiatlon of tha Intamational Saarch^, 

06 JUNE 1992 


Data of Mailing of thia Intamational Saarch Report^ 


Intamational Saarohing Authonty< 

ISA/US 


Signatura of Authorizad Offioar ^ 
CHHISTOPHBR S. F. LOW 



Form PCT/ISA/210 Caaeond ahaat)(May 1986) a 



Imftmatlanal Applictttioii No. PCX/n59a/01899 



FURTHER mrORRlATIOlV COtrmtV£0 FROM THE SECOND SHEBT 



2folec. Cell* Biol., volume 1, no. 6, issued June 1987, 
Sauer, "Funccioual Expression Of The i3^-lQ2£ 
Site-Specific, Recombination System In The Ye&st 
Rngcharorovcea' cerevisiae, pages 2087-2096, See entire 
document. 

J. Molec. Biol., volume 201, issued 1988, Senecoff jat 
ai. , 'DHA Recospnition By xHe FLP Recombinase Of rHie 
Yeast 2/t Plasmid. A Matational Analysis Of The FLP 
Binding Site", pages 405-421. See entire document. 
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Other Documenta Searched: 

ABSt USPAT and JPOAB3 
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VI. OBSERVATIONS WHERE UNITY OF INVENTION WA3 LACKl»a 
This ISA fotxnd roultiple inrentions as follow*: 

This application contain* the following inventions or gxoupa of invnetions which 
aro not ao linked »o aa to fora single inventive concept and do«a not meet the 
criteria of PCX Rule 13.1 and 13 .2, The sequential Rccnan ntxnerals identify the 
groups* 

I, ClJiims 1*18 and 29^34 » drawn to a Buuanalian rococobination 

system, CNA, tranafonaed host cells, and method of 
assenibling functional genes are ' classified in Class 435, 
subclasses 330.1, 240.2, 172.3 and Class 53«, subclass 27. 

II. Claims 19-23, drawn to a nethod of disrupting gene 

function are classified in Class 435, subclass X72.3. 

III. Claiia 24, drawn to a method of recovering DKA is 

classified in Class 435, subclass 91* 

rv. Claims 25-2S and 42-55, drawn to methods of targeted (site 

specific) DKA integration contain species drawn to cells 
pey se (claims 2S-2a.and 42-40) and claims drawn to non- 
human transgenic animals (claims 25*-3B and 49-55) aro 
classified in Glass 43$, subclasses 172.1, 172.3, 240.2 
and in Class 800 subclass 2. 

v. claims 35-41, drawn to non-fauman transgenic animals are 

classified in Class 800, subclass 2. 

VI. Claims and 57, drawn to a method for analysis of 

mamnalian development are classified in Class 435, 
subclass 4. 

VII. Claims 58 and 59, drawn to a cotransfection assay are 

classified in Class 435, subclass fi. . 
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Proc. Katl- Acad. Sci. USA, volume 85, issued July 
1988, Sauer£t5i-r -Site-Specif ic DNA Recombination In 
Mammalian Cells By The Cre Recoxnbinase Of Bacteriophage 
PI*, pages 516ff-5170. 

Nucleic Acids Research, volume 17, no. 1, issued 11 
January 1589, Sauer SJL^* -Cre-Stimulated 

Recombtnation At IsjasSl-Containing DHA Sequences Placed 
Into The M&mmalian Genome", pages 147-161. See entire 
document. 

The New Biologist, volume 2, no. 5, issued May 1990, 
Sauer £t al- • "Targeted insertion Of Exogenous DNA Into 
The Eukaryotic Genome By The Cre RecombinBse*, pages 
441-449, See entire document* 

US, A, 4,997,757 (Schiestl) issued 05 March 1991. See 
entire document. 

Science, volume 251, issued 15 March 1991, O'GormanjBjt 
-Reccanbinase-Mfediated Gene Activation and Site- 
Specific Integration In Mamraaliaa Cells", pages 1351- 
1355. See entire document. 



1-18, 29-34 



1-18, 29-34 



1-18, 29-34 



1-18, 29-34 



1-18, 29-34 



Form |>cniSA/210 («)ctr« «hMt)(M«y 1988) B 



